WHOLE HOUSE GENERATORS

By David Blubaugh - ND1J (v1.3)

INTRODUCTION:

Have you ever considered the installation of a whole-house generator? Ham radio operators certainly
have a more serious interest, and even legitimate need, than non-hams. We want to be able to
power our radio equipment during a major power outage. Whether you are into serious emergency
communications (Emcomm) or not, you probably have thought about having a power source that is
better than a portable generator or batteries. This article will discuss whole-house generator
systems: how they work, what considerations are involved in selecting and installing one, how
expensive they are to operate and what maintenance they require.

NOTE: This article is specific to Generac Guardian branded generators, although other brands are
probably very similar. See https://www.generac.com/home-standby-generators

TERMINOLOGY USED IN ARTICLE:

GEN - Generator

TXFR SWS - Transfer Switch(es)

UTILITY MAIN — Commercial electrical power (Cow/Fay EMC or Georgia Power) entering house

COMPONENTS:
e GEN - Generator powered by propane or natural gas
e TXFRSWS -Transfer Switch(es) that replace existing outside electrical shutoff panels
The TXFR SW is the brains of the system, with automatic switching and electronic monitoring.

STANDBY OPERATION:
The GEN is normally kept in AUTO, armed to automatically start when a UTILITY MAIN power failure
occurs. It can be set to STOP mode and it can also be started manually, but it is normally left in AUTO.

TEST MODE:
The GEN does a test every week or two, automatically, starting and running for about 5 minutes. This
is programmable as to how often to do the test and how long it will run (5 min or 12 min).

TEST: GEN starts and runs but does not take on any load — it just runs, unloaded and in “Quiet Test”

mode at half-speed (unless you want it to run at full speed) during the test. At end of test, it shuts
down and re-arms to AUTO.
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OPERATION WITH A LOSS OF UTILITY POWER:
When UTILITY power fails, the TXFR SW(S) sense this power loss and:

e Signals the GEN to start

e GEN starts 5 seconds after power failure (configurable time)

e Once stabilized, GEN output is checked by electronics in the GEN & TXFR SWS

e |f OK, the TXFR SWS activates:
o First, isolates the house from UTILITY MAINS by opening the UTILITY side of the switch
o Then, powering the house with GEN by closing the GEN side of the switch

e This transfer occurs 15-30 seconds after the GEN starts

e There is a momentary (2 seconds or so) loss of power in the house when this occurs

It is important to note this transfer is not instantaneous and for this reason, these systems are not
certified for emergency use where there are critical medical circumstances at the location.

RESTORATION OF UTILITY POWER:
The electronics in the TXFR SWS is constantly monitoring the isolated UTILITY MAIN.
When UTILITY power returns
e TXFR SWS check the UTILITY power to make sure it is good
e If good, each TXFR SWS isolates the GEN from the house
e Then, the TXFR SWS transfers the house back to UTILITY MAIN
e This all occurs within a split second so there is a barely a noticeable flicker of lights
e GEN runs in cool-down mode for about a minute
e GEN shuts down and re-arms to AUTO

PLANNING LOCATION/INSTALL:

Any electrical contractor that installs these systems will know what code requires with regard to
exhaust fume prevention, propane or natural gas line, meter, and sizing for a given GEN. These are all
things they will discuss with you when they come out to give you a quote. You will definitely want to
have some say as to where you locate it but there will be constraints by code. You need to consider
location of your electrical mains, gas meter or propane tank, exhaust direction, windows and doors,
proximity to neighbors, etc.

NOISE:

| was concerned with noise, particularly for the next door neighbor on that side. | installed it behind
an existing brick retaining wall and noise is really no issue. From the main part of our house, | can
barely hear it running. Noise is muffled considerably with an internal muffler and a blower system
that blows air and exhaust over the GEN for cooling, then out the side of the GEN enclosure. This is
one more thing you need to look at when deciding on an installation. On Generac Guardians, the
venting/exhaust exit is to the left side of the unit. Noise specs for the 24-kw model are 67-db at
“normal operating load” and 57-db in “Quiet-Test” mode
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OTHER INSTALLATION CONSIDERATIONS:

Chose a good, solid pad for the GEN to rest on. The installer can advise you on that.

The 24-kw model weighs 455 |bs. and needs to be on a concrete pad or concrete reinforced pad and
also NEEDS TO BE BOLTED DOWN. You do NOT want that GEN to vibrate off the pad and tip
over. Make sure your installer is required to do that in the contract.

OUR INSTALLATION EXPERIENCE:

The installer we used was Plugged-In Electrical in Tyrone. They were great, in our experience, and did
a VERY professional job. NO corners were cut at all. That said, | did not know until after they were
done with the installation that they were NOT a Generac factory-authorized installer or dealer. |
would probably have gone with them anyway because | liked their attitude and | felt totally
comfortable with them doing the job. They did things right. However, if | had gone with an
authorized dealer/installer, | would have gotten a much better extended warranty for free. Of course,
| probably would have paid more and would have had to purchase a maintenance package, too.

COST & INSTALLATION:

These systems are not cheap to install. Equipment is reasonable but the labor involved is substantial.
You can buy a 24-kw Generac GEN on Amazon for about $6500. Then, there are the TXFR SWS, which
are about $800+ (at Amazon) and in our case, our house required two of them.

There is a HUGE amount of labor involved in the installation of the TXFR SWS and GEN — bolting on
pad, wiring, gas plumbing, etc. | kept track and there was about 55 man-hours of labor by the team
that installed the system. | paid about $16,000 for the system, with all installation included.

Our house has a 320-amp service panel that goes to two 150-amp cut-offs and then to their
respective breaker panels in the house. The installer needed to remove those cut-off boxes outside
and then install the appropriately rated Generac TXFR SWS switches in their place on the side of the
house. | say again, it is a tremendous amount of labor and wiring. These TXFR SWS are
complex. They work automatically or manually and are smart. They are not just a switch.

The contractor also has to hire (or you have to) a plumbing contractor that does gas plumbing to tap
into the gas line and route a heavy duty line around to the GEN. In addition, they may have to change
some things in the breaker panels.

Depending on your installation and also age of the house, there may be other electrical components
that need to be changed in order to meet the current code. In my case, there were none. With a
fairly new house, that should not be required.

Code now requires houses to have whole-house surge protectors. One of these is added at each
electrical CB panel. They are cheap and easy to put in but if you have the installers do it, they will be
pretty expensive. Units cost about S80 each and take a few minutes to install but professional
installation will be several hundred dollars. Just because they can! If your house does not already
have these surge protectors, the installer may require they be added. Plug-In Electrical did not
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require it but | decided to have them do it, anyway. After seeing what was involved, | wish | had done
it myself! If you feel comfortable installing a new CB in your panel, you can install one of these.

CAPACITY / SIZING vs EQUIPMENT COST:

Here’s the thing - At least for Generac, a 20-kw, 22-kw, and 24-kw all have the exact same system —
same engine, same box, and same GEN. The only difference is the max output. And, there is VERY
little price difference between each of them — only about $200 difference on Amazon. So don’t skimp
here. If you jump to a 26-kw GEN, however, they are about a thousand more and you will probably
have to get a larger capacity gas meter and gas line. The contractor will know. Still, depending on
your situation, it might be worthwhile. | thought about it and felt it would just be overkill.

ACTUAL GEN LOAD LIMITS :
The 24-kw GEN is rated at 100-amps max. The breakers in the GEN are 100A breakers. But you do
not have 100 amps available, no matter what the salesman says. Here’s why:

If you’re using natural gas instead of propane, the 100-amp gen loses 12.5% of its capacity, down to
87.5 amps (21-kw). Next, you have to correct for density altitude (atmospheric pressure and
temperature):

Generac specifications say:
1. Aloss of 3.5% GEN output per each thousand feet elevation so here, 3.5%
2. A 1% loss of output for each 10 F above 60 F.

So, on a 90 degree day here using natural gas, your 24-kw / 100 amp GEN is now down to 19.6 kw and
81.8 amps. That’s a huge difference from the salesman’s claim! Be sure to size accordingly.

GENERATOR SIZING:

The question is how much of the house do you want to be able to power with the GEN. It isn’t
realistic to expect you can have every single thing in the house turned on at the same time. There has
to be some compromise. You need to consider the high-load items and what is reasonable. If your
house has a standard 200-amp service, you actually never really pull that load. But you have to
decide if you can live comfortably within the limits of the GEN you want to install.

I've powered the house for a test with all three HVAC systems (two 3-Ton and a 1.5 Ton) systems
running in cooling mode, along with the oven on broil, the toaster oven running, along with normal
lighting, etc. The GEN did not kick off - it powered the house just fine. | wouldn’t want to have these
big items come on at the same time so | have protection against that, which will be covered later.

MONITORING GEN OUTPUT -

You can’t. At least with Generac, you have no idea what the LOAD is on the GEN, except to listen to
how hard it’s working. It’s pretty difficult to convert that noise to amps! Enough to drive any ham
crazy! If the GEN is overloaded, it will disconnect until you manually reset the GEN breakers, restart
the GEN, and then re-power the house.
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IN-RUSH CURRENT CONCERN:

Significant IN-RUSH current occurs when major appliances or HVAC systems first start. UTILITY MAINS
handle this but it can definitely cause an overload of the GEN, resulting in it disconnecting. Example
of INRUSH current: Each of my 18-SEER, 3-ton HVAC units has a normal rated load amperage (RLA) of
14.7 amps. They each have a start-up load (LRA — Locked Rotor Amps) of 85 amps!

Although the GEN can withstand a “momentary” current over its max rating, who knows how much?
In testing, mine did not kick off when one HVAC unit kicked on. But what if two HVAC units were to
come on at the same time or the oven was also on when the compressor started? Not good!

LOAD-SHEDDING:
Utilizing some automatic load-shedding is the solution. You could manual load-shed: you control
everything manually in the house. But what if you aren’t home or worse, out of town? Consider this:

When modern HVAC systems power up after a power loss, they go into a reboot/recover/delay
mode. For my 3 units, one is 5 minutes and the others are 10-11 minutes. So, when the GEN starts
and comes online, the HVAC systems are unlikely to come on at once, even if the thermostats are
demanding that. Same goes for an oven, which is the second highest current user in the house. If you
have your electric oven on and there is a power failure, it will not come back on when power is
restored. You have to turn it back on. Still, there are some easy ways to protect the GEN and house
with automatic load-shedding systems:

1°* Method: Utilize load-shedding features of the TXFR SWS to prevent overload. In Generac’s latest
TXFR SWS, this feature is built in and pretty easy to activate. It will prevent two HVACs from coming
on at the same time by staggering when the thermostats get powered after the GEN starts powering
the house. This does require running thermostat wire to the TXFR SWS.

2" Method: Install “soft-start” (Hyper Engineering or other) on the HVAC compressors that will
dramatically reduce startup IN-RUSH current, down from 85-amps to about 35-amps.

FUEL CONSUMPTION: That was a big concern to me in advance of the installation so | did some
math. The initial numbers from Generac specifications are a bit shocking: For the 24-kw model
burning natural gas at 100% load, the GEN goes through 310 cu ft of gas per hour). Man, that would
be ShundredsS per day.

However, after crunching numbers for a more realistic gas burn — half-load on the GEN, | estimated in
winter it is $3.40 per hour - $82 per day. In the summer, when | only use gas for hot water and
cooking range, the price per therm of gas is much higher. A 1-hour GEN run would be about $8.65
but drops down to $90 for a 24 hour run. It drops because the more gas you use, the significantly
cheaper it gets, especially in the summer.

Using propane, the 24-kw GEN burns 142 cu ft/hr at full load and 92 cu ft/hr at half load. One gallon
of liquid propane is approximately 36 cu ft of gaseous propane.
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APPS TO MONITOR GEN:

Generac has a phone APP called “Home Link” that gives some very basic info and provides
notifications on GEN status, testing, etc. It isn’t the greatest of apps, BUT If you pay the $50/year for
the first year to upgrade the app from basic to the next level, it gives you a little more information
and Generac upgrades the warranty to include parts/labor. The app is totally worthless unless you
subscribe to the $50/yr plan. It provides you notifications of GEN status, maintenance tracking, and
GEN battery voltage. You do need a good wifi signal at the GEN for this to work and it needs to be 2.4
GHz, not 5 GHz.

MAINTENANCE:
Generac GENS require very little maintenance:
e General inspection, cleaning, oil level checks at short intervals
e Oil & filter change: every 2 years or 200 hours of runtime
e Air filter and spark plugs changed: every 4 years or 400 hours of runtime
e Engine valve clearance check/adjustment: every 4 years or 400 hours of runtime

The GEN electronic controller module keeps track of that and it displays the information on the Home
Link app. There are Generac authorized service/repair facilities in the area, one in Fayetteville. | have
not priced them as | plan to do routine maintenance myself.

SUMMARY:

Now, you should have a real good idea of what is involved in the decision to purchase a whole-house
Generator. Clearly, there are a lot of considerations. There will always be a compromise between
cost and electrical capacity. Hopefully, this article will save you from having to do a lot of research.

NOTES:
Generac Guardian Specs for 20-24kw generators:
https://evocloud-prod3-public.s3.us-east-2.amazonaws.com/meetings/47/attachments/6977.pdf

Eltwin Hyper Engineering Sure-Start Units:
https://www.eltwin.com/hyper/products
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